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INTRODUCTION
Neorickettsia helminthoeca is an intracellular bacte-
rium of reticuloendothelial cells of dogs that
causes salmon poisoning disease (SPD), which
was considered endemic only to speciﬁc geo-
graphical locations of North America [1–3].
However, 20 mature dogs demonstrated lesions
consistent with this infection in southern Brazil
and intracytoplasmic and intralesional neorickett-
sial bodies were identiﬁed within reticuloendo-
thelial cells by Giemsa stain [5]. Additionally, by
molecular biology methods, it was shown that the
mesenteric lymph node of one dog contained
DNA that was similar to N. helminthoeca as known
in the USA [4].
This article describes the cytological, histopath-
ological and immunohistochemical ﬁndings asso-
ciated with N. helminthoeca in additional cases
from Brazil.
MATERIALS AND METHODS
Five male, 23–24-month-old, Beagle dogs with pathological
lesions consistent with SPD were used. Impression smears
from the mesenteric and peripheral lymph nodes were made,
stained by Giemsa, and observed under light microscopy.
Tissues were routinely processed for histopathology; sections
were observed with Giemsa for the presence of intracytoplas-
mic neorickettsial organisms. Selected parafﬁn-embedded
tissue sections were processed for immunohistochemistry
(IHC) evaluation using the streptavidin-biotin technique per-
formed in an automated detection system. Anti-N. helminthoeca
serum (1:200 dilution) produced in two immunised rabbits
served as the primary antibody. N. helminthoeca (courtesy of Dr
Rikihisa) grown in DH82 cells were prepared as a cellblock for
positive control. For negative control, the primary antibody
(rabbit serum) was substituted with normal rabbit serum.
RESULTS
Gross pathology
Gross lesions were restricted to the lymph nodes
and the intestines. All dogs demonstrated hyper-
trophy of mesenteric and peripheral lymph
nodes; these demonstrated white follicular-like
cortically-located areas that resulted in loss of
corticomedullary differentiation (Fig. 1a). Hyper-
trophy of Peyer’s patches and intestinal lymphoid
tissues occurred in all animals, and enlarged
lymphoid tissue was evident from the serosal
surface of the intestine (Fig. 1b). At the mucosa,
there was hypertrophy of Peyer’s patches and
intestinal lymphoid tissue (Fig. 1c). Haemorrhag-
ic enteritis occurred in two dogs, but was more
extensive in one.
Cytology, histopathology and
immunohistochemistry
Cytology revealed accumulations of intracyto-
plasmic neorickettsial inclusion bodies within
reticuloendothelial cells of the lymph nodes of
some dogs by Giemsa stain (Fig. 1d). Morpholog-
ically, these appeared as individual coccoid-
shaped, haematoxylinophilic organisms less than
1 lm in size.
Intestinal lesions were characterised by deple-
tion of intestinal lymphoid tissue with an inﬂux of
lymphohistiocytic cells associated with Giemsa
positive intracytoplasmic neorickettsial bodies in
reticuloendothelial cells (Fig. 1e). Intestinal haem-
orrhage occurred in one dog. Lymph nodes
demonstrated depletion of cortical germinal
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centres, reduction in the number of mature
lymphocytes, and proliferation of reticuloendo-
thelial cells that contained neorickettsial organ-
isms (Fig. 1f–g). The organisms within the
intestine and lymph nodes were morphologically
similar to those observed by cytology, but more
readily identiﬁed by Giemsa rather than H&E.
Immunoreactivity was uniform throughout all
tissues, but background staining affected distinct
visualisation of intracellular bacteria in some
sections. Nevertheless, intracytoplasmic antigens
of N. helminthoeca were identiﬁed within reticulo-
endothelial cells of the mucosa and submucosa
and within the muscular layers and lymphoid
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Fig. 1. Neorickettsia helminthoeca in
Brazilian dogs. Lymph node sec-
tioned surface with oedema and
white follicular-like proliferative
zones at the cortex resulting in
absence of corticomedullary differ-
entiation (a). Duodenum with
marked hypertrophy of lymphoid
tissue evident from the serosal
(b) and mucosal (c) surfaces of
the intestine. Lymph node with
accumulations of neorickettsial
organisms (arrows) within the retic-
uloendothelial cell; Giemsa stain;
Obj. 100· (d). Duodenum showing
marked hyperplasia of intestinal
lymphoid tissue (e); H&E,
Bar = 500 lm. Lymph node demon-
strating marked depletion of germi-
nal centres; H&E, Bar = 500 lm (f).
Lymph node demonstrating neo-
rickettsial bodies (arrows) within
reticuloendothelial cells: Giemsa
stain, Bar = 20 lm (g). Duodenum
with reticuloendothelial cells con-
taining neorickettsial immunoreac-
tive organisms (arrows) in the
mucosa (h). Immunohistochemis-
try, streptavidin-biotin method,
Bar = 20 lm. Lymph node showing
neorickettsial intracytoplasmic
organisms (arrows) within reticulo-
endothelial cells (i). Immunohisto-
chemistry, streptavidin–biotin
method, Bar = 20 lm. Lung
showing pulmonary macrophages
containing neorickettsial organisms
(j). Immunohistochemistry, strepta-
vidin-biotin method, Bar = 20 lm.
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tissue of the intestine (Fig. 1h). Within the lymph
nodes, immunoreactivity was diffuse, being more
severe at the medullary zone (Fig. 1i). Addition-
ally, the pulmonary macrophages of one dog
contained neorickettsial antigens (Fig. 1j). Mor-
phologically, these organisms were similar to
those observed by cytology and histopathology,
but were more easily recognised by IHC. The cell
culture-derived positive control revealed similar
results as described in the dogs; the negative
controls remained unstained.
DISCUSSION
This is the ﬁrst successful detailed demonstration
and characterisation of Neorickettsia helminthoeca
antigens in canine tissues by IHC. Although there
was undesired background staining in some
sections, intracytoplasmic bodies consistent with
this organism were identiﬁed within reticuloen-
dothelial cells of the intestines and lymph nodes
of all dogs, and within pulmonary macrophages
of one dog. Additionally, these bodies occurred as
distinct individual organisms ﬁlling infected cells.
Morphologically, the organisms identiﬁed by IHC
were similar to those observed by cytology and
histopathology with Giemsa stain, and were
similar to those observed in a previous report
[4], and later characterised as N. helminthoeca by
molecular methods [5].
The pathology demonstrated in these dogs and
the morphological characteristics of the associated
agent are very similar to those described in canids
with SPD [1–3]. Recent molecular analyses have
demonstrated that the organism described in the
affected dogs from Brazil is phylogenetically [5],
and now antigenically, very similar to that of SPD.
Therefore, these ﬁndings and those of previously
described cases from southern Brazil [4,5] are
novel manifestations of N. helminthoeca and
extend the geographic location of this bacterium.
Neorickettsial organisms were observed by
histopathology, by Giemsa stain, and immuno-
histochemistry. Comparatively, IHC was superior
for the identiﬁcation and characterisation of
N. helminthoeca in canine tissues, followed by
Giemsa, and then H&E. This diagnostic method is
preferred to characterise neorickettsial antigens in
dogs from non-conventional areas where the
disease is suspected.
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